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Abstract

This report details the design and calculation work done towards creating an autonomous guided vehicle

(AGV) for use in the steel and metal related industries. Steel Equipment Specialists (SES) is a major

manufacturer of coil transportation vehicles for these industries. SES believes the future of coil

transportation within the mills includes AGVs in some circumstances. The team was tasked with

exploring the design and cost of a base model for use in future designs, since SES has not yet modeled or

manufactured an AGV. This design was successful under the stress from the application in calculations,

and the cost of the design was minimized, which resulted in a design which exceeded expectations.

Safety was the most important factor for the team during design, and the safety features included should

minimize injury due to machine design and function. Due to these accomplishments, SES considers the

design successful.
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1. Introduction
Steel and aluminum sheet metal is used for countless applications across the world. For transportation

within a mill for production, as well as for transportation to the manufacturing facilities which use sheet

metal around the world, the long sheet of metal is wound up on a mandrel into a coil.  SES, the industry

sponsor for this project, is a leading manufacturer in equipment for use in steel mills and similar

industries, with particular experience with coil cars, which move these steel coils around a mill. Typically,

coil cars run on rails only between a few points. Autonomous guided vehicle (AGV) transportation has

the potential to increase productivity and reduce cost in mills by transporting coils to and from multiple

locations. This group was tasked with determining the cost, feasibility, and basic design for SES to use as

a basis in AGV production. The conclusion reached was that, for certain applications, an AGV would be

more cost effective than traditional coil car designs used. This could lead to production of an AGV by SES

in the near future.
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2 Design

Figure 1- Full AGV Assembly

2.1 Drive
Figure 1 shows the complete assembly. The design process began with the drive components.

Polyurethane wheels were selected because of their high load capacity, floor protection, and resistance

to abrasion. Motors were then chosen to both drive and steer each wheel. The team had both types of

motors quoted by Kraft Fluid Systems, a local company with years of experience of applying electric

drives to AGVs. A wheel hub motor would directly drive each wheel and a rotational steer motor would

be used to rotate each wheel independently. Four-wheel drive and four-wheel steering and would

maximize performance, giving the car more control and allowing it to navigate uneven floors. A

weldment was then designed to mount to each drive motor and steer motor on separate faces, ninety

degrees apart. Lastly, a mounting plate was designed in order to connect each wheel assembly to the

main frame. A model of the finished wheel assembly can be seen in Figure 2. In addition, appendix C

contains a drawing of the completed assembly.
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Figure 2- Drive Wheel Assembly

2.2 Frame and Coil Holder
The main car frame, the largest and most complex weldment of the car, was designed for heavy loads

and made of commercially available structural steel shapes. The frame design allows the wheel

assemblies to be fastened to the corners, a separate coil holder weldment on top, and places to mount

various electrical components, including batteries, sensors, and the charging pad. The V-shaped coil

holder was designed to handle the weight and various sizes of steel coils. Polyurethane liners are secured

to the top constant points and a small coil detection sensor is mounted inside the weldment. The coil

holder is mounted to the frame using large bolts and Belleville disc washer springs. This type of

connection gives the car some suspension, while allowing for high loads. Models of the frame and coil

holder can be seen in Figures 3 and 4.
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Figure 3- Frame

Figure 4- Platen, to Hold Coils

2.3 Electrical Components

2.3.1 Battery and Charging
Battery and charging system details can be found in appendix B. Charging system was selected to be able

to quickly charge the batteries during rest periods, nearly to full charge. To charge, a charging station will

need to be installed nearby, and a charging pad will need to be placed in the path where the car will be

stopped. To improve charging in the future for an expanded functional area for the AGV, multiple

charging stations can be installed.
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2.3.2 Sensors and Safety
Many sensors are used on the AGV, for various purposes, particularly safety. Cameras mounted on

opposite corners give the AGV a full view around itself. Each individual camera has a 270° view, and on

opposite corners can combine to give a full 360° view. These sensors can be used to detect if a human or

other obstacle is in the path of motion, which can give the signal to slow or stop the AGV. The AGV

follows a magnetic strip, with a sensor attached to the bottom of the AGV to detect it. This sensor can

detect a magnetic field of opposite polarity, as well as an RFID tag embedded in the ground at the end of

the track. Another sensor is mounted on the platen, to detect the presence of a coil on the car. This will

allow for further automation in loading of the AGV, and will help with data collection for analysis of the

system.
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3. Design Verification
Because this AGV would not actually be built, and prototyping would be impractical, most design

verification was done through calculations and computer simulations. Stress analysis was vital to proving

strength and durability in this high load environment. Finite element analysis software was used to

conduct a portion of this analysis on all major weldments. Commercial items such as the Belleville disk

springs were checked during the selection process to ensure suitability.

3.1 Drive
Results of finite element analysis on the wheel weldment using Autodesk Inventor software are shown in

Figure 5. These results were checked with ANSYS software, using an identical set of constraints.

Assuming bonded contacts, the maximum stress was found to be 16.23 ksi, found only at the edges of

bolt holes. Even with these stress concentration areas, the maximum stress is acceptable and indicates a

factor of safety of more than two. The displacement was found to be less than 1/16 of an inch under

maximum loads, also an acceptable amount.

Figure 5- Von Mises Stress (Left) and Displacement (Right)

3.2 Frame and Coil Holder
Similarly to the wheel weldment, a finite element analysis was performed on both the main frame and

coil holder. Autodesk Inventor results are shown in Figures 6 and 7. The maximum stresses and

displacements in these large weldments are slightly less than that of the wheel weldment. Once again,

the highest stresses occur at obvious stress concentrations and the results are acceptable. Hand

calculations were also done to check the stress in one of the beams in the frame in order to confirm the

computer results.

6



Figure 6- Von Mises Stress (Left) and Displacement (Right)

Figure 7- Von Mises Stress (Left) and Displacement (Right)

3.3 Battery and Charging
Batteries were selected after calculation of battery life, which calculation can be found in appendix D.

The final result from these calculations was 4.9 KwH, which is for a 504 second cycle and 3092 seconds at

rest, for a total of 8 cycles per day. This exceeds the expected usage time, but was chosen to keep the

battery life above what was necessary for operation, as battery life deteriorates over time.
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4. Costs

Table 8- Initial Estimated Production Cost

Initial Estimated Production Cost

Materials Time Total Margin

Frame $85,971.20
$168,000.0

0 $253,971.20 22.25%

Drive Commercial Parts $164,806.50 $10,500.00 $175,306.50

Electrical Components $30,000.00 $31,500.00 $61,500.00

$490,777.70 $600,000.00
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Table 9- Final Estimated Production Cost

Final Estimated Production Cost

Materials Time Total Margin

Frame $25,813.60 $44,437.50 $70,251.10 20.00%

-Main Weldment $10,503.20

-Platten $5,148.00

-Charging Pad Arm $252.00

-Motor Shield (x2) $620.00

-Cow Catcher (x2) $1,072.00

-Wheel Weldment (x4) $6,592.00

-Steer Motor Plate (x4) $1,626.40

Drive Commercial Parts $82,403.25 $3,703.13 $86,106.38

-Steer Motor (x4) $32,384.00

-Wheel Motor (x4) $31,400.00

-Wheel (x4) $18,619.25

Electrical Components $34,854.56 $11,109.38 $45,963.94

-Battery (x2) $14,674.00

-Control Cabinet $527.56

-Inductive Charging System $10,000.00

-Obstacle Detecting Sensor (x2) $8,130.00

-Coil Detect Sensor $228.00

-Wiring and Magnetic Strip $1,295.00

Other $916.86 $11,850.00 $12,766.86

-Disc Spring (x16) $113.92

-Fasteners (Various Sizes) $802.94

$215,088.27 $258,105.92
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Table 10- Total Cost

Total Cost

Cost

AGV $258,105.92

2 Workers $25,000.00 per year

Years of Operation

1 $283,105.92

5 $383,105.92

8 $458,105.92

Table 11- Alternative Cost

Alternative Cost

Cost

3 Car $1,350,000.00

2 Saddle $150,000.00

3 Workers $37,500.00 per year

Years of Operation

1 $1,537,500.00

5 $1,687,500.00

10 $1,875,000.00

Table 12- Cost Savings

Cost Savings

1 $1,254,394.08

5 $1,304,394.08

Lifetime $1,416,894.08

per year $12,500.00

4.1 Parts
In Tables 8 and 9 above, the cost estimations done for the AGV can be seen. Because of time constraints,

the frames were not sent out for quote. This was due to the high labor time of creating full drawings,

while also needing to be completed early enough for quotes to be returned. The team decided it was in
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the best interest of the project to continue using a cost estimation for these components. This was done

with help from the industrial advisor to the project. The calculated total cost of the AGV was much lower

than originally expected. Table 8 estimates a total cost of the AGV before design, and Table 9 shows our

itemized cost estimate, approximately half of the original estimate.

4.2 Labor
Labor costs are estimated based on the hours for both design and manufacture of components. Labor is

estimated as $70 per hour of labor, based on the costs for management, engineering, and

manufacturing, as well as facility, tool use, and other expenses. This estimation was used based on the

recommendation of the industry advisor. This cost can be seen in the second cost column, labeled

“Time”, in Tables 8 and 9. Labor estimates are lower for the AGV design, giving the best scenario for the

standard design. This results in $70 per hour of savings, or approximately $12,500.00 per year (Table 12)

based on the expected usage of the line.

4.3 Cost Conclusions
Tables 10 through 12 show the most useful data for the cost analysis. These tables analyze the costs of

an AGV system, as designed by this team, as well as the alternative standard system. As you can see from

tables 10 and 11, the expected lifespan of the AGV is lower than the standard system. This is primarily

due to the uncertainty in the new design. SES has manufactured many systems using the standard

methods, so the confidence in those systems is higher. Working with SES, the team determined 8 years

was reasonable as an initial estimate for lifespan of the AGV and 10 years for the standard system. In

Table 12, the cost savings for using the AGV over various time spans is shown. Because the capital and

labor costs are lower for the AGV, the AGV is less expensive initially and over time, including at the end

of expected life of the systems.
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5. Conclusion

5.1 Accomplishments
In appendix A, the list of system requirements and verifications can be found. Overall, our team was able

to accomplish the majority of the objectives. Our team was able to fully model the AGV, including

selection and models of commercial parts. However, drawings of the weldments were not able to be

produced in time to use for cost analysis. All necessary calculations were done, and two FEA analyses

were performed, supporting the calculations. The team was also able to produce a manual of

commercial parts for maintenance of the machine.

5.2 Uncertainties
The exact layout of the facility was unknown. To compensate, a facility layout which would potentially

use an AGV was used. This same method was used to determine the coil specifications. Required cycle

times assumed 8 uses per day, which is reasonable for a low throughput line in a facility. As noted in the

cost section above, the life of the AGV is unknown because none have been produced before.

Weldments required were not quoted for price. However, prices will fluctuate over time, so the final cost

given above is only to be taken as a rough estimate and not valid as a quote. Installation costs particular

to the facility, such as altered foundations and electrical wiring required for the function of the systems is

not included in the scope of the project. The customer would be consulted for the takeover point to be

determined.

5.3 Ethical considerations
The primary ethical considerations were covered in the safety section. Calculations were done, and

confirm that the cameras are able to detect an obstruction or person and signal to stop in time for the

stop to be completed. In addition, a manual control for the AGV will be included, to allow for emergency

stops or operation outside standard bounds. Other ethical considerations include complying to

applicable engineering standards.

5.3.1 Engineering Standard Compliance
Complying to applicable standards is critical to good engineering. SES has not produced an AGV before,

so discovering the applicable standards was part of our design process. SES standards were used for the

calculations, especially factors of safety. ANSI/ITSDF B36.5-2019 (Rev 5-18-20) was used for determining

specific requirements. According to section 4.3.1, “The prime consideration is that the braking system in

conjunction with the object detection system and the response time of the safety control system shall

cause the vehicle to stop prior to impact between the vehicle structure and other mounted equipment,

including its intended load, and an obstruction being sensed in advance of the moving vehicle in the

main direction of travel. (see Sections III, para. 8.7.1 (c) (2) and para 8.11).” Additionally, floor markings

indicating the path of the AGV across its width will be installed, in addition to the magnetic strip.

Crossing over towards customer responsibilities, according to section 6.3, general training is required for

operators of the vehicle. A nameplate will also be required, using information available from the manual

and model to label the vehicle (ANSI, 2019).
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5.4 Future work
Future work for this project would include mostly electrical engineering. Selection of controller and

design or purchase of a system to use the sensors would be the major details left to design for this.

Design of the final product for a proposed design would require design of the path for the AGV to follow,

and possible adjustments to the frame or drive of the AGV, depending on the requirements for the new

application. This would primarily be an increase in the size of drive motors or strength of the frame, to

accommodate a larger coil. The goal of this project was to generate a base design to modify from

depending on the individual applications, so this future work was kept in mind throughout the design

process. Because of the work put in while designing the AGV, the design can be copied and modified

easily for future projects involving AGV design.
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Appendix A Requirement and Verification Table

System Requirements and Status
Verification

Requirement Verification
status

(Y or N)
1. Modeling

a. Commercial Item Selection
b. Drawing

Y
Y
N

2. Calculation
a. Coil Accommodation
b. FEA and Verification

Y
Y
Y

3. Cost Analysis
a. Weldment Quotes

Y
N

4. Manual Y



Appendix B Manual Information







Appendix C Assembly Drawing



Appendix D Calculations
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